Candida albicans is often isolated from clinical samples, thus its presumptive differentiation from other species of the same genus can be based on its ability to form the germ tube in human serum. Nevertheless, there are two other species that share this characteristic: C. dubliniensis and C. africana. The aim of this study was to compare four different substrates to perform the germ tube (GT) test. The Candida spp. isolates were identified using a manual system (135 C. albicans, 24 C. tropicalis and one C. dubliniensis). The germ tube test was performed with fresh, previously frozen serum and Mueller-Hinton (MH) broth and agar. GT was observed in 96% (130/136) of the isolates through the fresh serum technique, 94% (128/136) through previously frozen serum, 92% (125/136) in MH agar, and 90% (122/136) in MH broth. The sensitivity of each test was higher than 90%, with 100% specificity. Both the MH agar and broth were able to identify the true positives, and false positives were not found. However, some C. albicans isolates were not identified. MH agar and broth may be used in laboratory for the rapid presumptive identification of C. albicans, as an alternative method for germ tube test.
INTRODUCTION
The rapid identification of Candida species isolates in clinical laboratories is relevant insofar as the high incidence of candidiasis increases proportionally to the growth in the number of patients at risk for Candida albicans infection 4 .
The quick presumptive differentiation between C. albicans and non-C.albicans species is often done based on the ability of the isolates to produce positive germ tubes in blood serum 8 . Nevertheless, there are two other species that share this characteristic: C. dubliniensis and C. africana were able to form the germ tube 9 . In addition, C. tropicalis may produce pseudohyphae which, because of constriction, may make its differentiation more difficult 2 .
A simple, fast, safe and practical method, which can facilitate laboratory routine, is needed to differentiate C. albicans from other species 1 . In 2007, a new technique using Mueller-Hinton agar to produce the germ tube was described as being allegedly safer than the conventional method, which uses a blood serum pool that might be contaminated with HIV and hepatitis viruses 8 .
The aim of this study was to compare four different substrates to perform the germ tube (GT) test in C. albicans and C. dubliniensis isolates.
MATERIAL AND METHODS
A total of 160 Candida spp. clinical isolates, consisting of 135 C. albicans, 24 C. tropicalis and one C. dubliniensis were obtained from candidiasis in different anatomical sites and identified by the ID 32C system (bioMérieux ® , Marcy l'Étoile, France).
For the germ tube test (GT), an inoculum consisted of a single colony of a 24-to 72-hour-old culture for the tubes containing 500 µL frozen serum, fresh serum or Mueller-Hinton (MH) broth and a standardized 10 µL suspension (0.5 Mac Farland scale) for MH agar, immediately covered by a sterile cover slip. Incubation was performed at 37 ºC for two hours, for all techniques.
Germ tube production in serum and MH broth was visualized in a conventional way, while the MH-agar plates were visualized using an optical microscope with 10 and 40x lenses.
Results of the four test compounds were compared and their respective sensitivity and specificity were calculated.
The study was approved by the Ethics Committee of Santa Casa de Porto Alegre, Rio Grande do Sul, Brazil.
RESULTS
The germ tube production was observed in 96% of C. albicans and C. dubliniensis isolates (130/136) in fresh serum and 94% in previously frozen serum (128/136), while 92% of MH-agar isolates (125/136) and 90% MH-broth isolates (122/136) produced germ tubes ( Table 1 ). The C. dubliniensis isolate produced true germ tubes in the four substrates.
In the 24 C. tropicalis isolates, the GT was not observed in any of the four substrates, which presented single and multiple budding in blastoconidia and constricted filaments, and could more easily be visualized in agar and MH broth than in fresh and previously frozen serum.
A larger number of blastoconidia buddings (the average was four cells/field) could be observed in MH broth, as compared to the other three substrates (the average was one cell/field). In addition, GT formation was easily observed in agar and broth, leaving no doubts as to the occurrence or absence of constriction.
The sensitivity and specificity of the GT test on the substrates used ranges from 90% to 100%, for the rapid presumptive identification of the GT-positive species C. albicans and C. dubliniensis. Isolates produced only true germ tubes in MH agar and broth, that is, there was no constriction between the germ tube and the yeast cell; the substrates, however, failed to identify some of the C. albicans isolates.
DISCUSSION
The germ tube test is a rapid and highly reliable test for the presumptive identification of C. albicans and it has been widely used for many years. This technique is a simple and cheap alternative to other rapid test methods and may, therefore, be favored by laboratories trying to work economically 2, 3, 4 . C. albicans GT formation frequently occurs under unfavorable conditions as a consequence of its conversion from yeast into filamentous form, in addition to pseudohyphae occurrence 4 .
The classical method using human serum presents 91% to 100% sensitivity and 95% to 100% specificity. It has been widely used by laboratories for several years 2 , and the results obtained by this study are in agreement with these parameters.
In spite of its low cost and easiness, the use of human serum for this test has several disadvantages. For example, the serum has to be fresh or frozen; the yeast inoculum has to contain < 10 7 cells mL -1 , otherwise, the GT production is inhibited. In addition, the handling of pooled human serum includes the possible risk of infection with HIV or hepatitis virus and different batches of serum may produce different results 8 .
In an attempt to overcome these drawbacks, other media have been proposed, such as animal serum, peptone water, tryptic soy broth (TSB), Sabouraud broth, brain-heart infusion broth (BHI) and RPMI-1640 broth. These media, however, have low sensitivity 2 . KIM et al. 4 , upon comparing GT in rabbit serum at 37 ºC with yeast extract peptone dextrose (YEPD) at 39 ºC, observed greater sensitivity and specificity in YEPD.
In this study, GT formation in MH agar, which has already been described by RIMEK et al. 8 , was easily observed and this points to the possibility of using MH broth as a favorable medium that could easily differentiate the occurrence or absence of constriction between the extension and the blastoconidium, when compared to the conventional method.
MH agar has been used in Candida spp. susceptibility tests by disc diffusion against fluconazole, amphotericin B, posaconazole, and voriconazole, obtaining results similar to those from the standard medium used, the E-test ® 1,5,6 . Furthermore, the standard medium (E-test ® ) is more expensive and requires the use of specific equipment 5 .
Both MH broth and agar failed to identify some of the C. albicans isolates, which could be attributed to the fact that few isolates showed negative GT in these media, on which the switching from yeast form to hyphae is more restricted 2 .
Candida tropicalis can produce germ tube-like structures, which may be confused with true germ tubes after an extended incubation period of three hours. HILMIOGLU et al. 2 found that an incubation period of two hours resulted in the best specificity. In these experiments, there was no GT formation in C. tropicalis isolates in the four media tested, which indicates 100% specificity; this had already been confirmed by RIMEK et al. 8 . C. tropicalis is a control strain that produces germ tubelike filaments in the media tested.
CONCLUSION
MH agar and broth may be used in laboratory for the rapid presumptive identification of C. albicans, as an alternative method for the germ tube test.
RESUMO

Utilização de ágar e caldo Mueller-Hinton na prova do tubo germinativo
Candida albicans é frequentemente isolada em amostras clínicas, assim a sua diferenciação presuntiva de outras espécies do gênero pode ser baseada na habilidade em formar o tubo germinativo em soro humano. Entretanto, existem outras duas espécies que também possuem essa característica, C. dubliniensis e C. africana. O objetivo foi comparar quatro diferentes substratos para a realização da prova do tubo germinativo (TG). Utilizou-se isolados de Candida spp. identificados 
